Introduction
Stent implantation has been established as a safe and effective method of treating coronary heart disease (CHD). 1, 2 Several clinical trials investigating the safety and efficacy of drug-eluting stents (DES) versus bare metal stents (BMS) showed an advantage of DES over BMS concerning restenosis. [3] [4] [5] Since being introduced into clinical practice in 2003, DES have been increasingly used in patients with stable and unstable CHD. 6 Late stent thrombosis as a fatal event 12 or more months after DES implantation is associated with a mortality of up to 45% 7, 8 and represents a major concern. Therefore, the long-term safety of DES has been extensively discussed in the past several years. Various authors reported an increasing incidence of cardiac death related to DES implantation. [9] [10] [11] One of the main reasons for the increase in cardiac and cardiovascular mortality after DES treatment seems to be the fact that patient populations in these trials are highly selected and, thus, applying the findings to "real-world" use has limitations.
The aim of this study, therefore, was to determine the safety of DES versus BMS implantation in a "real-world" setting.
Patients and methods

Patients, demographic, clinical, and angiographic data
A total of 2056 CHD patients in whom a percutaneous coronary intervention (PCI) was performed with implantation of a BMS or DES at the Department of Medicine III, Martin Luther-University Halle-Wittenberg between 2004 and 2006 were retrospectively assessed. Inclusion criterion was the implantation of a DES or BMS. Exclusion criteria included balloon dilatation without stent implantation or unsuccessful PCI and the decision for solely medical treatment. The choice of stent type was up to the interventional cardiologist based on national and international guidelines and recommendations. Thus, DES were more frequently used in patients with stable or unstable angina in native vessels, whereas BMS were more frequently implanted in patients presenting with acute myocardial infarction and more complicated lesions (ie, bifurcational or ostial lesions, unprotected left main). 7 In case a patient received both stent types during the hospital stay, she/he was assigned to the drug-eluting stent cohort. PCI during a prior hospital stay was not considered in this analysis. In-hospital adverse events included cardiac and noncardiac death, myocardial infarction, stroke/TIA, re-PCI, operative revascularization, and acute renal failure. Bleeding complications were recorded as puncture site bleeding, hematoma, aneurysm, arteriovenous fistula, gastrointestinal bleeding, intracranial bleeding, and minor bleeding complications (not related to puncture site, eg, epistaxis).
Primary endpoint was death from cardiac causes. This information was (as described in the following) obtained from electronic patient files, physicians, relatives, and civil registration offices.
Follow-up
For acquiring follow-up data a standardized questionnaire was sent out, which included questions concerning adverse events such as hospital admission, re-PCI or surgical coronary revascularization, bleeding complications, and thromboembolic events. If the patients did not send back the questionnaires, a telephone interview was conducted with the patient or his/her relatives or the patient's physician was contacted. If this information could not be obtained from these persons, civil registration offices were contacted and information was requested about current address or date of death. The study was approved by the ethics committee of the Martin Luther-University Halle-Wittenberg. 
Statistical analyses
Results
Patient characteristics
Of the 2056 patients, 1809 individuals met the inclusion criteria: 609 patients received DES, and 1200 received BMS. At the time of admission to the hospital, the mean age was 66.2 ± 11.3 years; patients treated with DES were significantly younger than patients treated with BMS (60.9 ± 11.4 versus 68.9 ± 10.2 years, P , 0.001). Of the patients, 69.4% were male (73.6% in the DES group versus 67.2% in the BMS group (P = 0.007) ( Table 1) .
The two groups also differed significantly regarding other cardiovascular risk factors: the prevalence of diabetes submit your manuscript | www.dovepress.com Table 1) .
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The mean left ventricular ejection fraction was .50% in both groups; however, it was significantly lower in the BMS group (52% ± 16% BMS versus 56% ± 15% DES, P , 0.001) ( Table 1) .
Interestingly, the two groups did not differ significantly regarding the medication at admission to the hospital and at discharge, except for the use of diuretic agents, which were used more frequently in the BMS group. 
Indication for hospital admission
Laboratory results
Markers of inflammation (C-reactive protein and white blood cell count) were slightly, but significantly different in the two groups (Table 1) . Further prognostically relevant parameters, 12, 13 ie, hemoglobin and LDL cholesterol, were within normal range in the group as a whole. Nevertheless, the mean value of these parameters was slightly higher in the DES group than in the BMS group. The glomerular filtration rate, calculated via the Cockroft-Gault formula, was significantly decreased in the BMS group. Table 1 shows the details for these markers.
In-hospital adverse events
The median duration of hospital stay was 7 (4/11) days (DES 6 [3/9] versus BMS 8 [6/12] , P = 0.042). In-hospital cardiac (5.7% versus 0.5%, P = 0.035) and in-hospital noncardiac death (1.1% versus 0.2%, P , 0.001) occurred more frequently in the BMS than in the DES group. The results were similar regarding incidence of myocardial infarctions (DES 0.3% versus BMS 1.3%, P = 0.042). Bleeding complications were observed more frequently in the BMS cohort than in the DES cohort, especially gastrointestinal and minor bleedings.
Follow-up and survival analyses
Follow-up data concerning the primary endpoint of cardiac death were obtained for 1730 patients (95.6%). The mean follow-up was 34 ± 15 months. During follow-up, 376 patients died of any causes (59 in the DES group [10.2%] and 317 in the BMS group [27.5%], P , 0.001). The incidence of death of cardiac causes was 7.3% in the DES and 19.6% in the BMS group (P , 0.001).
In addition, the incidence of stroke (3.1% versus 5.5%, P = 0.037) and coronary artery bypass surgery (DES 1.9% versus BMS 5.3%, P = 0.002) was lower in the DES group. The incidence of other adverse events during follow-up did not differ between the two groups ( Table 2) .
Kaplan-Meier analysis showed an increased cardiac mortality in the BMS group ( Figure 1) Table 3 ). In this "fully adjusted model," only glomerular filtration rate (GFR) was an independent predictor for cardiac mortality after PCI with stent implantation. Compared to a GFR . 90 mL/min, a GFR between 15 and 30 mL/min about the long-term safety of these stents. 9, 10, 14 Findings from various registries and meta-analyses showed an increase in all-cause mortality and the rate of major cardiovascular events 9, 15 after DES implantation as compared with BMStreated patients. The aim of the present study was to compare mortality in an unselected patient population undergoing PCI with DES versus BMS implantation.
As described in the results section, the two groups in part significantly differed concerning the prevalence of cardiovascular risk factors (current smoking, diabetes mellitus, hypertension, hyperlipidemia, and positive family history). Also regarding the number of diseased vessels and the indication for PCI (ie, SAP, UAP, NSTEMI, and STEMI), significant differences can be observed. Patients presenting with SAP or UAP or 1-vessel-disease more often received DES, whereas patients suffering from STEMI or multivessel disease more often received BMS. These differences can be explained by the indications given in the revascularization guidelines. 7 Meanwhile, current guidelines give a wider range of indications for the use of DES in more complex lesions and patient subsets. 16 According to univariate analysis, DES are associated with an improved survival compared with BMS (P , 0.001) (Figure 1 ). However, in multivariate Cox regression analyses that include classic risk factors and further prognostic variables, use of DES completely lost its prognostic value. Also hemoglobin level, age, diabetes mellitus, and left ventricular ejection fraction, which are well known predictors for worse outcome of CHD patients, were not independently associated with the primary endpoint. In this model, the only independent predictor for cardiac mortality after PCI with stent implantation was impaired renal function. The authors conclude therefore that in a routine setting DES and BMS implantation are equally safe in terms of the occurrence of death of cardiac causes in the long term.
The findings of this present study are partly in line with recently published data on the safety of DES in the long and short term. Randomized studies taking diabetes mellitus, myocardial infarction, and multivessel disease as inclusion criteria [17] [18] [19] [20] [21] show encouraging results for the use of DES in these patient populations.
In patients with impaired renal function, systemic changes such as chronic inflammation, oxidative stress, anemia, a procoagulative milieu and endothelial dysfunction promote the progression of atherosclerotic changes and therefore also count as cardiovascular risk factors. [22] [23] [24] Studies dealing with the impact of DES compared to BMS [25] [26] [27] [28] this advantage can no longer be seen in patients with moderate or severe renal impairment (CrCl 15-30 mL/min and ,15 mL/min, respectively). The advantages for DES are mainly driven by a lower rate of revascularization (target vessel revascularization and target lesion revascularization), whereas no advantage concerning the occurrence of major adverse cardiac events, including cardiac death or death from any cause, was found. The fact that in this present study, impaired renal function was the only independent predictor in the multivariate model for worse outcome in patients after PCI with stent implantation emphasizes the influence of renal insufficiency on the progression of CHD (see Table 3 ).
Patients who suffer myocardial infarction (STEMI) comprise a high-mortality population. The use of stents is considered standard treatment in these patients. Nevertheless, the use of DES under these circumstances is the subject of controversial discussion. Recently published results of randomized controlled trials included 300-700 patients and evaluated angiographic and clinical events 9 months and 12 months after PCI, respectively. 19, 20, 29, 30 Most of them concluded that DES is safe in STEMI and decreases the rate of re-interventions, but they did not find any advantage for DES concerning death or recurrent myocardial infarction. In contrast to these findings the results of observational studies which covered a follow-up period of 30 days up to 2 years in "real-world" settings varied. They ranged from a significantly increased risk-adjusted mortality in patients treated with DES 31 over comparable outcomes regarding long-term mortality 32 to a lower risk-adjusted mortality for DES. 33, 34 Among the patients in this present study, 501 presented with acute myocardial infarction with ST-segment elevation. Of them, 126 were treated with DES and 375 with BMS. When applying univariate Kaplan-Meier analysis with log-rank test, DES was an independent factor concerning cardiac mortality (P = 0.005). In multivariate analysis including the abovementioned prognostically relevant factors, DES was no longer an independent factor (HR 0.114, 95% CI 0.007-1.805, P = 0.123; data not shown in the results section). However, the use of DES in the "real-world" patient collective was not linked to poorer survival.
Conclusion
Treatment of patients with DES is safe in the long term, also in the subgroup of patients presenting with STEMI; however, it is not superior to BMS treatment.
Limitation
As this study represents the results of "real-life" practice, the choice of stent type was up to the interventional cardiologist based on national and international guidelines and recommendations. Thus, a limitation of this study is the smaller sample size of patients treated with DES in comparison to patients treated with BMS.
